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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a synchronous rectifier 
circuit in which the primary side is insulated from the secondary 
side, and having a rectifier switch formed by an FET provided 
on the secondary side. 

Description of the Related Art 

FIG. 2 shows a conventional synchronous rectifier circuit. 
SW1 indicates a main switch. SW2 indicates a rectifier switch. 
SW3 indicates a commutating switch. T indicates a transformer. 
Tl indicates a primary winding of the transformer T. T2 indicates 
a secondary winding of the transformer T. L indicates an output 
choke . C indicates a smoothing capacitor . R indicates a resistor . 
The switches SW1 , SW2, and SW3 of this conventional example are 
all formed by FET. One end of the resistor R is connected to 
the gate of the rectifier switch SW2 . The other end of this resistor 
R is connected to both the output choke L and one end of the secondary 
winding T2 . 

In the conventional synchronous rectifier circuit shown in 
FIG. 2, the resistor R is connected to the gate of the rectifier 
switch SW2 , and the resistor R is connected to a connecting portion 
connecting the secondary winding of the transformer T and the 
output choke L. However, when the output voltage is low and the 
peak value of the secondary winding voltage of the transformer 
T is low, the problem arises that there is insufficient voltage 
to drive the rectifier switch SW2 . 

The present invent ion was conceived in view of the above problem 
and it is an object thereof to provide a new synchronous rectifier 
circuit that is not affected by the voltage of the secondary winding 
and in which the rectifier switch operates smoothly. 



SUMMARY OF THE INVENTION 

In order to solve the above problem and attain the object 
of the present invention, the synchronous rectifier circuit of 
the present invention is structured in the manner described below. 

Namely, the synchronous rectifier circuit of the present 
invention comprises : a transformer that includes a primary winding , 
a secondary winding, and an auxiliary winding connected via one 
end the auxiliary winding to one end of the secondary winding, 
said transformer insulating a secondary winding side from a primary 
winding side; a diode connected via an anode to another end of 
the auxiliary winding; an auxiliary switch connected to said 
another end of the auxiliary winding via a resistor connected 
to a base, said auxiliary switch being connected to said one end 
of the secondary winding and to said one end of the auxiliary 
winding via a collector; and a rectifier switch connected via 
a gate to a cathode of the diode and to an emitter of the auxiliary 
switch, and via a drain to another end of the secondary winding. 

In the synchronous rectifier circuit of the present invention , 
the auxiliary switch maybe formed by a PNP transistor or a P- channel 
MOSFET . 

In the synchronous rectifier circuit of the present invention , 
when the main switch is on, the gate of the rectifier switch is 
charged via the diode by voltage obtained by adding the voltage 
of the secondary winding to the voltage of the auxiliary winding. 
When the main switch is off, the commutating switch is turned 
on. Moreover, at this time, because the voltage of the auxiliary 
winding is inverted so as to become a negative potential, the 
auxiliary switch is turned on and the charge that had been charged 
to the gate of the rectifier switch is discharged to the output 
side. As a result, it is possible to secure sufficient driving 
voltage for the rectifier switch regardless of the voltage of 
the secondary winding. 



BRIEF DESCRIPTION OF THE DRAWINGS 
FIG . 1 is a circuit diagram showing an embodiment of the present 



invention . 

FIG, 2 is a circuit diagram showing a conventional example. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
An embodiment of the synchronous rectifier circuit of the 
present invention will now be described using the attached drawings . 
FIG. 1 shows an embodiment of the synchronous rectifier circuit 
of the present invention. SW1 indicates a main switch. SW2 
indicates a rectifier switch . SW3 indicates a commutating switch . 
T indicates a transformer. Tl indicates a primary winding of 
the transformer T . T2 indicates a secondary winding of the 
transformer T. T3 indicates an auxiliary winding of the 
transformer T. L indicates an output choke. C indicates a 
smoothing capacitor. R indicates a resistor. Q indicates an 
auxiliary switch. D indicates a diode. 

In the synchronous rectifier circuit of the present embodiment , 
the transformer T provides insulation between the primary side 
and the secondary side. On the primary side this synchronous 
rectifier circuit is provided with the main switch SW1 formed 
by an FET , and on the secondary side with the rectifier switch 
SW2 and the commutating switch SW3 formed by FET. The output 
choke L is connected to one end of the secondary winding T2 , while 
the drain of the rectifier switch SW2 is connected to the other 
end of the secondary winding T2 . Moreover, in order to supplement 
the gate voltage insufficiency of the rectifier switch SW2 , one 
end of the auxiliary winding T3 is connected to the relevant end 
of the secondary winding T2 of the transformer T. An auxiliary 
switch Q formed by a PNP transistor is provided on the secondary 
side of the synchronous rectifier circuit of the present invention . 
The emitter of the auxiliary switch Q is connected to the gate 
of the rectifier switch SW2 . The base of the auxiliary switch 
Q is connected via the resistor R to the other end of the auxiliary 
winding T3 that is not connected to the secondary winding. The 
collector of the auxiliary switch Q is connected to one end of 
the secondary winding and the auxiliary winding. Furthermore, 



a diode D is provided on the secondary side, and the cathode of 
the diode D is connected to the gate of the rectifier switch SW2 . 
The anode of the diode D is connected to the other end of the 
auxiliary winding T3 • 

The synchronous rectifier circuit of the present embodiment 
is structured in the manner described above. A description will 
now be given of the operation thereof. When the main switch SW1 
is on, the gate of the rectifier switch SW2 is charged via the 
diode D by voltage obtained by adding the voltage of the secondary 
winding T2 to the auxiliary winding T3 of the transformer T. 

When the main switch SW1 is off, the commutating switch SW3 
is on. At this time, because the voltage of the auxiliary winding 
T3 is inverted to become a negative potential , the auxiliary switch 
Q is turned on and the charge charged to the gate of the rectifier 
switch SW2 is discharged. 

Note that, in the present embodiment, the auxiliary switch 
is formed by a PNP transistor, however, substantially the same 
operation as that of the present embodiment is obtained when a 
P channel MOSFET is used. It is also possible to construct the 
synchronous rectifier circuit of the present invention using an 
NPN transistor or an N channel MOSFET for the auxiliary switch. 

According to the present invention, when the main switch is 
on, the gate of the rectifier switch is charged via the diode 
by the voltage of the secondary winding and the voltage of the 
auxiliary winding. When the main switch is off, the commutating 
switch is turned on. Moreover, at this time, because the voltage 
of the auxiliary winding is inverted so as to become a negative 
potential, the auxiliary switch is turned off and the charge that 
had been charged to the gate of the rectifier switch is discharged. 
As a result, it is possible to secure sufficient driving voltage 
for the rectifier switch regardless of the voltage of the secondary 
winding . 

If the auxiliary switch is formed by a PNP transistor or a 
P channel MOSFET, then the affects described above can be obtained 
using a simple structure. 



